The efficiency of enzymatic hydrolysis of cellulose can be improved by various pretreatments of the substrate. In order to increase the efficiency of enzymatic saccharification of the wheat straw, we determined the effect of different pretreatments on the physical structure, chemical components and enzymatic saccharification of wheat straw. Our results showed that combination of grinding and sodium hydroxide (NaOH) treatment had high effect on the enzymatic hydrolysis of wheat straws. The optimal pretreatment condition was to grind the wheat straws into the sizes of 120 meshes followed by treatment with 1.0% NaOH for 1.5 h (121°C/15psi). Under this condition, the cellulose content of wheat straw was increased by 44.52%, while the content of hemicellulose and lignin was decreased by 44.15% and 42.52%, respectively.
INTRODUCTION
Production of biofuel from lignocellulosic feedstock has attracted significant interests worldwide. Lignocellulosic biomass including various agricultural residues is an abundant and renewable resource on earth (1, 2) . Cellulose is the predominant polymer in lignocellulosic biomass, with a small amount of hemicellulose and lignin (3) . Enzymatic hydrolysis of cellulose is a promising method for the conversion of waste cellulose to glucose. Many factors, such as the content of lignin, crystallinity of cellulose, degree of polymerization (DP), moisture content and particle size, affect the hydrolytic efficiency of the cellulose present in the lignocellulosic biomass (4-7). Lignin is one of the most abundant polymers in nature. The complex three-dimensional (3D) polyaromatic matrix of lignin prevents enzymes from accessing some regions of the cellulose polymers (8) . In addition, the amorphous heteropolymer is also water-insoluble and optically inactive, which make it very difficult to be degraded. 
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Alkali pretreated of wheat straw cellulose have been identified as the primary cost barriers in the processing of lignocellulosic materials to fermentable sugars (9, 10) . Several different pretreatment methods have been used to facilitate the subsequent enzymatic hydrolysis of lignocellulosic materials (11, 12) . One of the most thoroughly investigated methods is alkali pretreatment in which the alkaline solution is used to remove lignin and various uronic acid substitutions on hemicelluloses, leading to the increased accessibility of enzymes to the hemicellulose and cellulose (4).
Generally, alkaline pretreatment is more effective for the subsequent hydrolysis of agricultural residues and herbaceous crops than that for the wood materials (13) .
Wheat straw is a byproduct of wheat cultivation produced throughout the world. Only a small amount of wheat straw was used as livestock feeds, farmyard manure and fuel, while a large part of the wheat straw was discarded on the field or burned directly, which results in the waste of fuel resources as well as environmental contamination. Extensive studies have been carried out to extend the uses of wheat straws and increase its additional value. For example, wheat straws can be hydrolyzed into reducing sugar, which can subsequently be fermented to target products, e.g., ethanol or other chemical products by suitable microorganisms (14) . The main purpose of this study was to remove lignin and hemicellulose, reduce cellulose crystallinity, and identify optimal conditions for pretreatment of wheat straws and hydrolysis of cellulose. In this paper, we report on the changes in chemical characteristics, physical properties and cellulose microstructure for pretreated wheat straw.
MATERIALS AND METHODS

Wheat straw materials
Wheat straw was purchased from a local harvest store and was smashed to the sizes of 80 meshes. After thorough washing with tap water till the washing-off water was clean and colorless, the particles of wheat straws (80 meshes) were dried in 50 °C. P. waksmanii inoculum was prepared by washing slant cultures with 3 ml of sterilized water. The spore concentration was determined by hemocytometer. Two ml spore suspension (10 6 -10 7 spores/ml) was inoculated into 250ml flask containing 100 ml freshly prepared fermentation mixture. After 5 days of shaking (136 rpm) at 27°C, broth culture was filtered. The culture filtrate had an activity of 4.32 FPU/ml as measured by the methods developed previously (15) . Subsequently the broth culture were concentrated by polyethersulfone ultrafiltration membrane and the activity of condensed enzyme liquid was 46 FPU/ml, which was used for further enzymatic hydrolysis experiment. One unit of enzyme was defined as the amount of enzyme capable of producing 1 mol of reducing sugars in 1 min.
Analytical methods
Cellulose, hemicellulose and lignin contents were determined by the method developed previously (16) . The content of reducing sugars was determined by the DNS method
Alkali pretreated of wheat straw (17) . Infrared spectra were measured by a NICOLET 330FT-2R FT-IR spectrometry. Scanning Electron Microscopy (SEM)
was performed by using a HITACHIS-570 SEM instrument and the images were taken accordingly.
Pretreatment of wheat straws
Ground wheat straw in different sizes was pretreated by sodium hydroxide (NaOH) before enzymatic hydrolysis.
Briefly, mixture of the wheat straw and NaOH (0.25-1.5%
w/v) was treated with 121 °C /15psi for 0.5 to 2.5 h at a solid loading condition of 10% (w/v). The pretreated solids were washed with 800mL of hot deionized water and used for determination of total solids. The solids were dried at 55ºC and weighed.
Enzymatic saccharification
The NaOH-pretreated straws were hydrolyzed using showed that as the size of wheat straw was reduced (especially from 40 to 120 meshes), the rate of enzymatic saccharification was increased significantly (Fig. 1) . The rate of enzymatic saccharification for the 120 meshes of wheat straw was 21.50%, which was 4.7 times of the untreated wheat straw.
Studies have shown that without any pretreatment, corn stover with sizes of 53-75 m was 1.5 times more productive than larger corn stover particles of 425-710 m (20) . We showed here that the enzymatic hydrolysis efficiency was not increased significantly once the size of the wheat straws was reduced to less than 160 meshes (Fig. 1) . Therefore, we select 120 meshes as the optimal size for hydrolysis of wheat straws. showed that as the concentration of NaOH was increased, the enzymatic hydrolysis efficiency was also increased (Fig. 2) .
The maximal concentration of reducing sugar (343.95 mg/g substrate) was obtained when the NaOH concentration reached 1.0%. The pretreatment time of NaOH on the hydrolysis efficiency by cellulase: The enzymatic hydrolysis efficiency was measured for the 120 meshes wheat straw pretreated with 1.0% NaOH for different times. The results showed that as the NaOH pretreatment time was increased, the enzymatic hydrolysis efficiency was enhanced significantly (Fig. 3) .
However, when the pretreatment time was over 1.5 h, the enzymatic hydrolysis efficiency was gradually decreased. This might be due to the fact that long time pretreatment with NaOH partially destroyed cellulose and hemicellulose, leading to the reduced concentration of reducing sugars in the enzymatic reactions. These results suggested that combinational pretreatment with milling and NaOH can enhance the efficiency for hydrolysis of cellulose and production of reducing sugars. 
The effect of pretreatment on the components of wheat straws
After pretreatment of the 120 meshes wheat straws with 1.0% NaOH (121 °C/15psi) for 1.5 h, the percentage of cellulose, hemicellulose and lignin was 57.33%, 14.33% and 11.7%, respectively. Compared to the wheat straws that were not pretreated, the content of cellulose was increased by 44.52%, while the content of hemicellulose and lignin was decreased by 44.15% and 42.45%, respectively. The purpose of NaOH pretreatment was to partially remove lignin and increase the cellulose content and sample porosity, which was instrumental for the hydrolysis of wheat straw samples. Our results showed that pretreatment with NaOH removed lignin and at the same time partially degraded the hemicellulose.
The effect of pretreatment on the chemical structure of wheat straws
Infrared spectrum analysis for the wheat straws with or Alkali pretreated of wheat straw without NaOH pretreatment was shown in Fig.4 . The characteristic absorption peak of the infrared spectrum in the lignin of wheat straw has a certain relationship with its category ascription. The main bond of hemicellulose and lignin was C-O-C with its characteristic absorption peak at 1462, 1425 and 1320 cm -1 . Due to the presence of aromatic ring, the characteristic absorption peak was located at 1612 cm -1 . The absorption peak of lignin and similar lignin group has the characteristic peak at 1510 and 1595 cm -1 (8, (21) (22) (23) . The characteristic absorption peak of lignin and hemicellulose in the wheat straw pretreated with NaOH was significantly weakened compared to that in the wheat straw without pretreatment (Fig. 4) , suggesting that lignin and hemicellulose were partially degraded during the process of pretreatment. NaOH-treated wheat straw at1.0h, (C) NaOH-treated wheat straw at 1.5 h.
The effect of pretreatment on the surface structure of wheat straw
The surface structure of the wheat straws without pretreatment was tight, orderly and the texture was relatively hard (Fig. 5A) . In comparison to the sample that was not subjected to enzymatic hydrolysis, there was only a slight crimp on the surface of wheat straw after enzymatic hydrolysis for 30h, and there was no significant change in the original structure of lignocellulose upon enzymatic hydrolysis (Fig.   5B ).
In contrast, due to the partial removal of hemicelluloses and lignin, the surface of the wheat straws with NaOH pretreatment became soft, loosened, and contained some micro-pores on the surface of the wheat straw. (Fig. 5C ). In addition, the accessible surface area was increased after pretreatment, which is favorable for action of cellulase. In comparison to the sample that was121 °C/15spi pretreated ,there was more severe degradation could be seen on the surface of pretreated wheat straw followed by enzymatic hydrolysis, which the lignin frame was further reduce and more holes and cracks were seen on the sample surface (Fig. 5D ). Alkali pretreated of wheat straw 
Enzymatic hydrolysis
Cellulase is widely present in organisms. when the substrate concentration (pretreated wheat straw) was 3% (Fig. 7) . At this substrate concentration, the reducing sugar was 350.18 mg per 1 gram of substrate. When the substrate concentration was less than 3%, the enzymatic reaction speed was increased as the substrate concentration was increased.
Once the substrate was saturated and further increased, the concentration of reducing sugars was gradually decreased.
Studies have shown that as the substrates were increased, the feedback inhibition by cellobiose and glucose was enhanced, leading to the reduced production of reducing sugars in the enzymatic reaction (25) . 
The effect of temperature on the enzymatic hydrolysis:
Temperature is an important factor, which influences not only the speed of enzymatic reaction, but alto the activity of the cellulose. Normally, as the temperature is increased in a certain range, the enzymatic reaction is accelerated. However, when the temperature is further increased beyond this range, the enzyme becomes denatured, leading to the reduced speed of enzymatic reaction. The optimal reaction temperature for cellulase is between 45 °C and 55 °C. However, the optimal temperature varies for the cellulase from different sources and different enzymatic matrix. We showed here that the concentration of reducing sugars was increased with the reaction temperature increased (Fig. 8) , and the maximal concentration of reducing sugar (341.87 mg/g substrate) with a saccharification rate of 42.74% was achieved. When the temperature was further increased beyond 55 °C, the concentration of reducing sugar was reduced. Thus, the optimal temperature for enzymatic hydrolysis was 55 °C. (Fig. 9) . These results suggested that the activity was affected by the environmental pH. Maximal reaction speed was achieved at pH 5. When pH Alkali pretreated of wheat straw was higher or lower than 5, the enzymatic reaction speed was reduced. Changes of pH may result in the loss of cellulase activity or dissociation between substrate and catalytic group of enzyme active center, leading to the reduced speed of enzymatic reaction. Therefore, pH should be controlled in the cellulase-catalyzed hydrolysis reaction to achieve maximal activity of cellulase. showed that milling of the wheat straw into the sizes of 120 meshes followed by treatment with 1.0% of NaOH for 1.5 h increased the content of cellulose by 44.52%, while decreased the content of hemicellulose and lignin by 44.15% and 42.45%, respectively. SEM and infrared spectrum analyses showed that the surface structure of the wheat straw and lignin was significantly changed after pretreatment, which is more favorable for the hydrolysis reaction. The optimal condition for the cellulase-catalyzed hydrolysis was (1) 30 h of reaction; (2) 3% of substrate; (3) 55 °C and (4) pH 5.0.
